Abstract Depression and cognitive disorders, including dementia and mild cognitive impairment, are common in the elderly. Depression is also a common feature of cognitive impairment although the symptoms of depression in cognitive impairment differ from depression without cognitive impairment. Pre-morbid depression approximately doubles the risk of subsequent dementia. There are two predominant, though not mutually exclusive, constructs linking premorbid depression to subsequent cognitive impairment: Alzheimer's pathology and the vascular depression hypothesis. When evaluating a patient with depression and cognitive impairment, it is important to obtain caregiver input and to evaluate for alternative etiologies for depressive symptoms such as delirium. We recommend a sequential approach to the treatment of depression in dementia patients: (1) a period of watchful waiting for milder symptoms, (2) psychosocial treatment program, (3) a medication trial for more severe symptoms or failure of psychosocial interventions, and (4) possible ECT for refractory symptoms.
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Introduction
With an aging population, the interest in how to best maintain the health and well being of older individuals increases. Depression and dementia are both common disorders in the elderly. The lifetime prevalence of major depressive disorder has been recently estimated at 14.4 % [1] . One estimate puts the prevalence of depression in those living in nursing homes at 54 % [2] . The lifetime prevalence of all-cause dementia among individuals aged 71 or older has been estimated at 13.9 %, which comprises about 3.4 million individuals in the United States [3] . Dementia is a syndrome of cognitive and functional decline. Though there are over 80 proposed causes of dementia, Alzheimer's disease (AD) is the most common, accounting for approximately 60-80 % of dementia cases [4] . Vascular dementia is considered to be the second most common cause of dementia, though Alzheimer's and brain vascular pathology often co-exist, and it can be difficult to distinguish the two conditions apart. Given the aging population, and that risk of dementia increases with age, the annual incidence of AD and other dementias is projected to double by 2050 [4] . The aggregate payments for health care, long-term care, and hospice for people with dementia is expected to increase from $200 billion in 2012 to $1.1 trillion in 2050.
In addition to the dementia syndrome, there is a syndrome of cognitive impairment without functional impairment, which is most commonly termed mild cognitive impairment (MCI) [5] . Many individuals with MCI will go on to develop dementia. In community samples, rates of conversion from MCI to dementia average 12 to 15 % per year [6] .
Though cognitive symptoms are the hallmark of dementia and MCI, neuropsychiatric symptoms are nearly universal. Among these neuropsychiatric symptoms, depression is one of the most common and troubling. Individuals with dementia and comorbid depression have decreased quality of life [7] [8] [9] , as well as faster cognitive decline than those without depression [10] . Recognition and management of depression in cognitive impairment is crucial to providing optimized treatment for cognitive disorders, especially given the current lack of disease modifying treatments for AD and other neurodegenerative dementias.
The purpose of this review is to summarize and update the literature on depression in individuals with cognitive impairment. We will briefly review the relationship between premorbid depression and subsequent cognitive impairment followed by a discussion of the: (1) epidemiology and clinical characteristics of depression in individuals with cognitive impairment, (2) neurobiological changes in depression in cognitive impairment, and (3) clinical management of depression in cognitive impairment. As the most common cause of dementia and the subject of a large majority of dementia research, the review focuses on depression in AD as a prototype for the evaluation and management of depression in cognitive impairment.
Relationship Between Pre-Morbid Depression and Subsequent Cognitive Impairment
The relationship between depression prior to the onset of cognitive impairment and the subsequent development of cognitive impairment is an area of active study [11] . A detailed discussion is beyond the scope of this review, though the topic is extensively covered in several recent publications [12] [13] [14] .
Briefly, cognitive impairment is a common feature of latelife depression (LLD) and often persists even after mood symptom remission [15] [16] [17] . Furthermore, substantial evidence suggests that LLD is both a risk factor for, as well as a prodrome of, dementia. For example, a meta-analysis estimated that depression doubles the risk of subsequent AD [12] . When separated out by all-cause dementia versus AD versus vascular dementia, a more recent meta-analysis found that LLD was associated with an odds ratio of 1.85 for all-cause dementia, 1.65 for AD, and 2.52 for vascular dementia [18•] .
There are two predominant, but not mutually exclusive, constructs regarding the relationship between LLD and dementia. The first construct centers on AD. As a prodrome, LLD may represent an initial, non-cognitive manifestation of AD. Evidence for LLD as an AD prodrome is the high conversion rate to dementia in individuals with LLD and co-occurring cognitive impairment [15, 16] . Evidence for depression as an AD risk factor includes: (1) dementia risk increases as the length of time between diagnosis of first lifetime depression and diagnosis of AD increases [12] and (2) increased Alzheimer's pathology (amyloid plaques and neurofibrillary tangles) in AD patients with a lifetime depression history [19] . The second construct centers on the vascular depression hypothesis, initially postulated by both Alexopoulos and Krishnan [20, 21] with subsequent substantial supporting evidence (as reviewed by [22] ). The hypothesis states that brain vascular disease can predispose, precipitate, or perpetuate depression in a subset of LLD patients. This brain vascular disease damages critical cortico-striatal circuits resulting in depression with cognitive impairment, particularly executive dysfunction, and poor antidepressant response.
The concept of depression as risk factor for cognitive impairment has major public health implications. For example, Barnes and Yaffe estimated that a 10 % reduction in depression prevalence could result in 68,000 fewer AD cases in the USA and 326,000 fewer cases worldwide [23•] . Furthermore, it is unknown whether treating depression reduces risk of cognitive impairment, and preliminary epidemiologic studies are mixed. A Danish study of 37,658 patients with a depression diagnosis treated with antidepressants reported that continued use of older antidepressants (primarily TCAs), but not newer antidepressants (primarily SSRIs), was associated with a decreased incidence of all-cause dementia and AD [24] . Conversely, a study of 6998 cognitively healthy, postmenopausal woman showed that those taking antidepressants at baseline had a 70 % increased risk of incident MCI at follow-up [25] .
Epidemiology and Clinical Characteristics
The estimated prevalence of depression in cognitive impairment varies based on study sample (e.g., clinical versus population) and method utilized to ascertain depression (e.g., rating scale versus structured clinical interview). Population studies, such as the Cache County Study of Memory Health and Aging, can serve as a guide. This large, longitudinal study of all individuals over age 65 in Cache County, Utah utilized the Neuropsychiatric Inventory [26] to assess depression and other neuropsychiatric symptoms. The Cache County Study reported a 30-day prevalence of depressive symptoms in 29.9 % of participants with dementia, 16.9 % of participants with cognitive impairment that do not meet criteria for dementia, and 4.9 % of cognitively normal individuals [27] . The cumulative prevalence of depression in dementia over 5-years was 77 % [28] . A recent Japanese population-based study similarly found increased depression symptoms in individuals with MCI compared to cognitively intact individuals [29] . Depression also appears to be relatively persistent with several studies showing about half of dementia patients with depression remain depressed when evaluated one year later [30, 31] .
The symptoms of depression in cognitive impairment are often different from the symptoms of depression in the absence of cognitive impairment, resulting in a diagnostic dilemma. Multiple studies have compared symptom clusters in depressed patients with and without dementia, often with conflicting results. Noting these differences, Lyketsos et al. used latent class analysis to propose the "Affective syndrome of Alzheimer's disease" [32] , which includes one or more symptoms of a core affective disturbance (defined as depression, irritability, anxiety or euphoria) combined with one or more less prominent associated symptoms (defined as aggression, psychomotor agitation, delusions, hallucinations, sleep disturbance or appetite disturbance). Subsequently, a National Institute of Mental Health (NIMH) working group proposed the provisional criteria for diagnosis of depression in Alzheimer's dementia (dAD) [33] . Modifying the DSM-IV criteria for a major depressive episode, the provisional dAD criteria state that 3 (not 5) of the following symptoms be present during the same 2-week period and represent a change from previous functioning: (1) clinically significant depressed mood, (2) decreased positive affect or pleasure in response to social contacts and usual activities, (3) disruption in appetite, (4) disruption in sleep, (5) psychomotor changes, (6) fatigue or loss of energy, (7) feelings of worthlessness, hopelessness, or excessive or inappropriate guilt, (8) diminished ability to think or concentrate, (9) recurrent thoughts of death, suicidal ideation, plan or attempt, (10) social isolation or withdrawal (new), and (11) irritability (new). Furthermore, compared to the DSM-IV criteria, the provisional criteria do not require the presence of symptoms most of the day, nearly every day.
Subsequent studies compared the provisional dAD criteria to other diagnostic criteria. An observational study of referrals to a memory clinic found 13.4 % of patients met DSM-IV criteria for a major depression and 27.4 % met the provisional criteria [34] . A study of subjects from Alzheimer's Disease Research Centers reported that 44 % met provisional criteria, 14 % met DSM-IV major depression criteria, and 36 % met DSM-IV criteria for major or minor depression. The provisional criteria correctly identified all participants meeting DSM-IV criteria for major depression and correlated well with major or minor depression [35] . A recent latent class analysis of memory clinic referrals reported three symptom clusters considered to represent DSM-IV major depression, DSM-IV minor depression (a more heterogeneous group), and no depression [36] .
Based on the above studies, there appear to be at least two types of clinically significant depressive symptoms in ADa core group meeting more stringent DSM-IV criteria for a major depressive episode and a second, larger but less-well defined group variably identified with different diagnostic criteria. Regardless of diagnostic criteria utilized, patients in either group could have clinically significant depressive symptoms, which can be diagnosed with careful clinical assessment and may benefit from treatment.
Neurobiological Changes in Depression in Cognitive Impairment

Genetics
The epsilon 4 allele of the apolipoprotein E epsilon 4 gene (APOE-e4) is a well-established genetic risk factor for AD that appears to plays a role in neuropsychiatric symptoms. Multiple studies connect APOE-e4 to both AD and depression, but negative studies exist as well (as reviewed by [37] ). For example, a Norwegian study found that APOE-e4 was more common in depressed than non-depressed AD patients [38] . Depression and APOE-e4 may also have an additive risk in cognitive impairment. A cohort study of Korean community dwelling individuals found a synergistic interaction between depressive symptoms and the APOE-e4 allele in increasing the incidence of dementia [39] . These two factors also had a synergistic effect in increased incidence of amnestic MCI [40] .
Neuroimaging
The hypothalamic-pituitary-adrenal (HPA) axis is dysregulated in some individuals with depression, resulting in high levels of cortisol. Elevated cortisol is hypothesized to cause hippocampal atrophy, which is seen in AD. Decline in left hippocampal volume is faster in elderly patients with depression than in those without [41, 42] . Post-mortem analysis also shows hippocampal neuronal loss in patients with LLD [43] .
In addition to hippocampal atrophy, white matter changes have been reported in patients with depression and cognitive impairment. MCI subjects with depressive symptoms exhibited increased white matter atrophy in AD affected brain regions (frontal, parietal, and temporal) compared to MCI subjects without depression. Furthermore, depressed subjects in the study had increased AD conversion [44] . O'Brien et al. noted a correlation between frontal lobe white matter hypodensities on brain computerized tomography (CT) scan and depression in AD [45] . Similarly, Mueller et al. reported an association between frontal white matter lesions and depressed mood in AD and vascular dementia [46] .
Functional neuroimaging studies also demonstrate differences in depression. Partially remitted LLD patients with persistent cognitive impairment demonstrated reduced activation in AD affected neural networks (inferior frontal and dorsal anterior cingulate cortex, hippocampus, and insula) using functional magnetic resonance imaging (fMRI) [47] . Using single photon emission computed tomography (SPECT), AD patients with depression had reduced blood flow on PET imaging to their right orbitofrontal and inferior frontal gyri versus non-depressed AD patients [48] . Recent advances in position emission tomography (PET) imaging allow for the study of AD pathology in vivo. For example, using the radiotracer [(18)F]FDDNP, which bind both amyloid and tau, Kumar and colleagues reported significantly higher protein load overall, and in the posterior cingulate and lateral temporal regions, in elderly subjects with major depression versus healthy controls [49] .
Neurotrophins
Brain derived neurotophic factor (BDNF) is implicated in pathophysiology of depression, including LLD where the BDNF Val66Met allele is associated with late-life depression [50] . This relationship appears to extend to depression in AD [51] , in addition to a relationship between the BDNF 11757C allele and depression in AD [52, 53] . Transforming growth factor-beta1 (TGF-β1) is implicated in depression and cognitive impairment [54] . In one study, the C/C phenotype was associated with more than a twofold-increased risk of AD, and, in AD patients with this allele, a fivefold increase in the risk of depression [55] .
Clinical Management
Assessment
There are two unique aspects in the assessment of depression in cognitive impairment that bear mention. First, caregiver input is essential for adequate assessment of depressive symptoms in individuals with cognitive impairment. The patient may have deficits in short-term recall, abstract thinking, or executive functioning making it difficult to articulate a depressed mood. However, caregiver report may be biased by caregiver symptoms, such as stress [56] . Therefore, caregivers may over report and patients may underreport symptoms.
Thus, the clinician is advised to utilize both caregiver and patient input in assessing mood symptoms in cognitive impairment.
Second, is the need to evaluate for other potential etiologies for the symptoms. Conditions which may mimic depression include delirium (including secondary to adverse medication effect), psychomotor retardation associated with Parkinsonian syndromes, and apathy seen in many dementia syndromes. In the Cache County study, apathy had the highest point prevalence among neuropsychiatric symptoms of dementia and was often present in the absence of depressive symptoms [57] .
Pharmacologic Treatments
The use of antidepressants in depressed patients with dementia is common, although clinical trial data do not consistently support their efficacy. Significantly, there have been two recent large, multicenter randomized placebo controlled trials that have failed to demonstrate the efficacy of antidepressants over placebo in depressed patients with dementia. In the "Depression in Alzheimer's Dementia Study-2" (DIADS-2), patients taking sertraline (maximum dose 125 mg daily) had no significant improvement versus placebo after 12 weeks [58••] or 24 weeks [59] ; nor did they demonstrate any improvement in cognitive testing [60] . Further subgroup analysis based on symptom cluster (DSM-IV major depressive episode versus provisional dAD criteria) [61] and genetic polymorphisms associated with mood disorders [62] , also failed to show a difference between sertraline and placebo.
The "Health Technology Assessment Study of the use of Antidepressants for Depression in Dementia" (HTA-SADD) evaluated mirtazapine (maximum dose 45 mg daily) versus sertraline (maximum dose 150 mg daily) versus placebo in AD patients with depressive symptoms [63••] . Neither medication demonstrated statistically significant improvement compared to placebo at 13 or 39 weeks. The largest study of its kind to date, the HTA-SADD mimics many aspects of clinical practice, but included no subgroup analysis based on depression severity, leaving open the question of whether the treatment may be effective for patients with dementia and severe depression [64] .
While antidepressants are generally well tolerated in patients with dementia [65] , these negative clinical trials occur in the context of increasing safety concerns regarding antidepressant use in the elderly. In 2011, the Food and Drug Administration issued a Drug Safety Communication for citalopram with a new maximum recommended dose of 20 mg daily in patients greater than 60 years old due to the potential for dosedependent QT interval prolongation and Torsade de Pointes. A large UK population based study found that elderly patients with a new diagnosis of depression that received at least one prescription for an antidepressant had an increased risk of all-cause mortality [66] . The study also found no evidence for reduced risk of selected adverse events with newer antidepressants (including SSRIs) compared to TCAs with SSRIs demonstrating an increased hazard ratio for falls and hyponatremia compared to TCAs. Furthermore, a Dutch study of nursing home residents with dementia found a dose dependent risk of injurious falls with SSRIs, especially in combination with a hypnotic or sedative [67] .
Electroconvulsive Therapy
Electroconvulsive therapy (ECT) may be the most efficacious and immediate treatment of depression in the elderly. It is well tolerated even in patients over 80 years of age [68] . However, few studies examine the use of ECT in depression with dementia. In a case series of 31 patients with depression and dementia, ECT improved mood to a clinically significant extent with minimal reports of worsening cognition or prolonged postictal delirium [69] . A subsequent case series of 44 patients, including patients with MCI and dementia, reported cognitive improvement in non-cognitively impaired patients 6 months post-ECT. Interestingly, though group sizes were small and the finding did not reach statistical significance, cognition improved during ECT in dementia patients treated with cognitive enhancing medications but declined in the untreated dementia patients [70] . A recent review of ECT in dementia noted general positive outcomes but cautioned regarding variability in ECT methods, dementia diagnosis, and dementia severity in these studies, as well as the need for close cognitive monitoring and discussion of potential cognitive risks with patients and families [71] .
Non-pharmacologic Treatments
Limited data suggest that several non-pharmacologic treatment strategies may be effective. Physical activity is one of the more common strategies proposed. While evidence is limited and inconsistent, a review of relevant studies suggests that, above a certain threshold of rigorousness, physical activity may have a positive effect on mood in these patients [72] . In one study, a 12-week yoga program was positively associated with an improvement in depressive symptoms [73] .
Additionally, non-pharmacologic treatment strategies aimed at caregivers may have a positive effect on patient mood. An analysis of four studies shows that the provision of copingstrategy-based support for caregivers, with or without a tailored activity for the patient, had a small positive effect on dementia patients' quality of life [74] .
For patients living in residential facilities, environment can impact mood. One study looked at the implementation of a nursing guideline that emphasizes increasing pleasant activities and reducing negative events in several psychogeriatric nursing home wards, and found a significant decrease in depressive symptoms in residents with depression and dementia [75] . An examination of similar facilities in the Netherlands found that depressive symptoms in residents correlated with the level of social engagement on the unit, but this effect disappeared when individual resident characteristics (e.g., age, gender, level of function, presence of a partner) were taken into account [76] .
Proposed Treatment Algorithm
We recommend the following treatment approach [77] :
1. Consider watchful waiting for milder symptoms: An initial period of watchful waiting may be prudent for milder depression given the lack of evidence for pharmacologic therapy and the fact that patients in the placebo arms generally show improvement in depressive symptoms. For example, based on the 43 % reduction in depression scores in the placebo group at 13 weeks in the HTA-SADD study, Brodaty recommends 13 weeks watchful waiting [78] . 2. Implement a psychosocial treatment program: Given the evidence for efficacy with little to no downside, consider a tailor-made strategy of behavioral interventions for the patient combined with education and problem-solving strategies for the caregiver. 3. For more severe symptoms or if psychosocial treatments fail, start medication: Choose a medication with careful regard to the patient's comorbid conditions and the medication's side effect profile. While it is important to start with a low dose and gradually increase the prescription, it is also critical to reach an adequate dosage before declaring the medication a failure. Lastly, because evidence for efficacy is limited, it is essential to continually reassess the patient's condition and make decisions on the continued need for treatment based on the individual patient. 4. Consider electroconvulsive therapy (ECT) for the treatment-refractory patient: Any decision regarding ECT should include a thorough review of risks and benefits, including with caregivers.
Conclusion
Depression commonly occurs in individuals with cognitive impairment and represents an important target for treatment. There are two predominant and not mutually exclusive constructs linking pre-morbid depression to subsequent cognitive impairment: (1) late-life depression may represent an initial, non-cognitive manifestation of AD and (2) the vascular depression hypothesis, which states that brain vascular disease can predispose to both dementia and depression. In all likelihood, the relationship between depression and cognitive impairment is a result of the interaction of multiple variables. We recommend a sequential approach to the treatment of depression in dementia patients: (1) a period of watchful waiting for milder symptoms, (2) psychosocial treatment program, (3) a medication trial for more severe symptoms or if psychosocial interventions fail, and (4) possible ECT for refractory symptoms.
